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INTRODUCTION 

The  aim  of  this  thesis  is  to  present 
in  complete  form  a  series  of  commercial  boiler 
tests  conducted  as  nearly  as  possible  in  every 
detail  with  the  American  Society  of  Mechanical 
Engineers'  Code. 

These  tests  were  made  on  a  standard 
two  hundred  and  fifty  horse  power  Stirling  boil- 
er, equipped  with  a  McKenzle  stoker.    It  is 
located  at  the  power  plant  of  Araour  Institute 
of  Technology,  Thirty  Third  and  Armour  Avenue, 
Chicago,  Illinois.    The  conditions  under 
which  these  tests  were  rim  were  as  nearly 
identical  to  its  actual  operating  conditions 
as  possible,  so  as  to  make  it  applicable  to 
furthering  the  economy  of  operation  of  this 
particular  setting. 
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This  boiler  is  of  the  standard  Stir- 
ling type,  being  one  of  a  battery  of  two,  sus- 
pended fron  a  steel  frame.    There  are  three 
upper  driiins  and  one  lower  ,  or  mud  drura.    The 
setting  is  entirely  enclosed  v/ith  brick,  thus 
reducing  radiation  to  a  rainimum,  and  keeping 
the  surfaces  of  the  heated  parts  from  sudden 
changes  of  temperature. 

There  are  one  hundred  and  fifty  four 
four  inch  tubes,  arranged  in  rows  of  fourteen. 
Four  rows  extend  from  the  upper  front  drum  to 
the  mud  drui'U,  a  like  number  from  the  upper 
middle  drum  and  three  rov/s  from  the  upper  rear 
arum.    The  tubes  enter  the  drums  radially  so 
they  can  be  expanded  in,  and  make  tight  joints. 
By  arranging  them  in  rows  of  not  raore  than  four 
deep,  enables  the  removal  of  any  defective 
tube  without  aaving  to  cut  out  more  than  one 
good  tube. 

The  lov^er  or  mud  drum  is  not  support- 
ed by  any  other  means  than  by  the  tubes.   This 
gives  it  freedom  to  move  in  any  direction  v/ith 
the  expansion  of  the  tubes.    This  drum  serves 
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as  a  distributer  of  the  water  and  a  settling 
receptacle  from  which  the  soft  scale  or  sludge, 
can  be  reiaoved  by  -leans  of  the  blov;  off,  lo- 
cated at  the  lo\7est  point,"  and  a  large  man 
hole  in  the  end  of  the  dru;.i.    The  boiler  is 
so  constructed  that  all  feed  water  must  pass 
through  this  drum.    It  enters  the  upper  rear 
drum  first,  and,  being  cooler  than  the  water 
in  the  boiler,  it  sinks  into  the  mud  drum, 
where  its  temperature  rises  and  causes  it  to 
pass  up  the  tubes  toward  the  two  upper  front 
drims.    The  tubes  are  nearly  vertical  so  any 
scale  which  has  not  already  been  precipitated 
will  settle  back  into  the  mud  drum. 

Stirling  boilers  do  not  require  dry 
pipes  because  most  of  the  ebulation  takes 
place  in  the  first  drura.   By  placing  the 
nozzle  on  the  middle  drum  and  connecting  the 
other  drums  with  it,  by  tubes  in  the  steam 
space,  there  is  a  very  narked  change  in  ve- 
locity which  enables  most  of  the  entrained 
water  to  settle  out. 
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Another  feature  of  advantage  which 
is  only  found  on  this  type  of  boiler  is  the 
arrangement  of  the  baffles,  which  cause  the 
gases  to  pass  lengthwise  of   the  tubes  through 
the  first  two  passes  and  across  the  tubes  in 
the  last  pass,  leaving  where  the  feed  enters. 
This  gives  a  good  scrubbing  action  v/ith  a 
minijnun  loss  from  friction. 

-: AUXILIARIES :- 

The  auxiliaries  necessary  for  the 
operation  of  this  boiler  are  a  feed  pump,  feed 
water  heater  and  a  stoker  engine. 

A  Dean  feed  water  pump  is  used, 
which  utilizes  the  returns  from  the  heating 
system  and  whatever  makes  up  water  that  is 
necessary  from  the  City  supply.    The  feed 
water  is  heated  to  a  temperature  of  about  two 
hundred  degrees  Farenheit,  by  a  Webster  vacuum 
heater  of  the  induced  type  ,  steaja  being  sup- 
plied from  the  exhaust  steam  line,  used  for 
heating  the  Armour  flats. 
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The  stoker  engine  is  of  the  vertical 
type  and  is  a  part  of  the  equipment  of  the 
McKenzie  stoker.    It  is  direct  connected  to 
the  stoker  by  a  train  of  gears  and  a  double 
ratchet  and  paul.    The  speed  of  the  grate 
is  regulated  by  an  ordinary  fly  ball  governor 
on  the  engine.    ?or  a  large  change  in  speed 
one  of  the  two  ratchets  can  be  disengaged. 
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-: APPARATUS: - 

The   following   apparatus    is    aeces- 
sary  for    conducting   a  coramercial  boiler   test:- 

Calorimlter 

Pressure  Gauge 

Draft  Gauge 

Recording  Thermostat 

V/ater  Meter 

Thermometers 

Scales 

Orsat  Flue  Gas  Apparatus. 
A  throttling  calorimiter  aiade  by  the 
Carpenter  Company  is  used  to  determine  the 
quality  of  the  steam.    A  regulation  sampling 
tube  as  specified  by  the  A.  S.  M.  E.  code  was 
used  to  get  an  average  sample.   The  sampling 
tube  was  inserted  into  the  side  of  the  nozzle 
about  eight  inches  above  the  driim  to  obtain 
as  near  as  possible,  the  actual  quality  of  the 
steam  leaving  the  boiler  before  condensation 
takes  place. 
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The  pressure  gauge  is  of  the  Crosby 
type  and  of  large  size  so  it  can  be  read  easi- 
ly by  the  fireman.    The  gauge  is  located  five 
feet  below  the  point  where  the  tap  is  made 
into  the  druia.   Upon  calibration  v/ith  the 
Crosby  gauge  testing  apparatus  the  gauge  was 
found  to  have  a  constant  error  of  two  and  one 
half  pounds  below  the  actual  pressure,  which 
would  be  just  enough  to  offset  the  column  of 
water  that  would  accumulate  in  the  vertical 
pipe,  so  under  operation,  it  would  read  cor- 
rectly. 

The  draft  was  laeasured  by  means  of 
a  "U"  tube  and  a  one  eighth  inch  iron  pipe 
and  rubber  tube.    Owing  to  the  fact  that  the 
damper  in  the  ash  pit  of  the  large  boiler  is 
broken,  leaving  a  space  about  eighteen  inches 
wide  and  nine  feet  long  open,  through  which  the 
air  can  rush  with  practically  no  resistance, 
the  draft  to  the  boiler  on  which  these  tests 
were  laade  had  a  maximum  value  of  an  eighth 
of  an  inch.    This  limited  the  depth  of  fire 
which  could  be  used  and  also  the  amount  of 
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coal  consumed  on  the  grate. 

A  recording  therraostat  was  used  to 
determine  the  tempe  rature  of  the  flue  gas. 
This  was  calibrated  and  found  correct  within 
the  limits  of  readinf:  for  the  range  in  tem- 
perature used. 

A  Worthington  hot  water  meter  was 
used  to  cieasure  the  water  fed  into  the  boiler. 
By  making  proper  connections,  the  same  feed 
pump  was  used  to  feed  water  to  all  the  boil- 
ers.   After  the  tests  had  been  concluded, 
the  meter  was  calibrated,  using  about  the 
same  flow  of  water  per  hour  as  was  used  by 
the  boiler.   A  curve  of  calibration  is  here- 
with submitted  from  v/hich  the  correct  water 
in  pounds  per  hour  can  be  read,  knowing  the 
meter  reading  in  gallons  per  hour. 

This  boiler  has  a  hopper  which  is 
filled  from  a  bin  on  the  floor.    As  all  the 
coal  must  be  weighed  before  it  is  put  into 
the  hopper,  a  scales  and  bucket  were  found 
to  be  the  most  convenient  means  of  handling 
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the  fuel.   Before  each  run  a  set  of  standard 
weights  of  about  the  same  weight  as  the  bucket 
of  coal  was  plaiced  on  the  scales  to  make  cer- 
tain that  the  scales  were  correct. 

An  Orsat  apparatus  is  used  to  deter- 
mine the  percentage  of  Oxygen  and  carbon 
dioxcide  in  the  flue  gas.   New  solutions  wrre 
used  for  each  fire  tests  to  insure  that  the 
apparatus  is  in  proper  working  conditions. 
The  apparatus  is  located  about  twenty  five 
feet  from  the  flue  where  the  sample  is  taken. 
A  pump  of  large  capacity  was  used  to  suck  the 
gas  from  the  flue  inspiring  an  average  sample 
of  gas  at  all  times.   Analysis  of  the  flue 
gas  was  made  about  once  every  hour,  and  an 
average  of  these  results  used. 

-:DISCUSSI01J:- 

There  are  many  difficulties  entering 

into  the  making  of  a  boiler  test  which  makes 

it  difficult  to  keep  the  conditions  constant. 

This  particular  test  v/as  conducted  when  the 
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boiler  was  in  commercial  operation,  which 
caused  the  conditions  to  change  owing  to  the 
fact  that  the  load  is  composed  of  both  heating 
and  power.    This  boiler  is  also  connected 
into  the  same  steam  line  with  the  other  boilers 
and  as  there  is  no  non-return  valve  on  the  boil- 
er tested,  any  slowing  down  of  the  feed  on  the 
other  boilers  would  effect  the  pressure  on  the 
boiler  under  test. 

A  difficulty  which  prevented  making 
a  test  with  a  constant  speed  of  grate  is  the 
lacv  of  sufficient  draft  to  burn  various  thick- 
nesses of  fire  at  a  constant  speed.   This 
makes  it  necessary  to  so  adjust  the  speed  that 
the  grate  is  kept  covered  and  yet  burn  all  the 
coal  before  it  empties  into  the  ash  pit. 

For  depths  of  fire  over  four  inches 
this  can  be  done  easily  until  a  depth  of  fuel 
has  been  reached  where  the  combustion  is  too 
slow,  owing  to  the  weak  draft.   Tor  depths 
of  fuel  less  than  four  inches,  the  speed  is 
so  great  (if  the  boiler  is  run  at  any  capacity) 
that  the  heat  from  the  arch  is  not  sufficient 
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to  ignite  the  coal  as  it  is  fed  in  allowing 
the  fire  to  pass  under  the  arch  without  ig- 
niting, making  it  necessary  to  stop  the 

grate. 

When  these  conditions  have  all  been 
taken  into  consideration,  the  test  resolves 
itself  into  the  determination  of  the  depth 
of  fuel  at  which  the  efficiency  of  the  boiler 
and  grate  and  the  capacity  are  most  favorable. 
The  efficiency  of  the  grate  and  boiler  and 
the  capacity  in  B.  H.  P.  have  been  plotted 
against  the  depth  of  fuel.    The  Boiler  ef- 
ficiency under  the  given  conditions  .is  best 
with  a  five  inch  fire  while  the  capacity  is 
a  maxim-au  with  a  six  inchfire.    This  shows 
the  most  efficient  condition  to  be  with  a 
fire  about  five  and  one  half  inches  deep. 

It  will  be  noticed  that  one  point 
on  efficiency  carve  is  very  low  when  the 
depth  of  fuel  was  five  and  one  fourth  inches 
deep.    This  was  due  to  the  fact  that  the  speed 
of  the  srrate  was  too  high  and  a  .^reat  deal  of 
the  fuel  went  into  the  ash  pit  only  partly 
burned. 
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SAIIPLE   CALCULATIONS 


mm  m.  3 


Moisture  in  Fuel  =  7104.5  x.05,11  =    363# 

Fuel  Consumed  =  7104.5  -  363  ^  67415# 

Total  Refuse  dry  =  1358.5  x   .801  =   1088# 

Total   Coralousti'ole  =  6741.5   x        .9138  =      6162# 

Dry  Puel  per    sa.ft.orrate  =    6741.5   *    (7.03  x 
50)   =    19. 2# 

Quality  of  Steam -^^"^(^riij-fJ/A   1149.6  +.48 

(233-211)    -   305.1/882.3     =96.9^' 

Factor  of  Evaporation  =fll60.2  - 

130.^/969.7  =1.0620. 

Water  apparently  evaporated  per  hr.  7060# 

Evaporated  into  dry  steam  7060  x  .969  =  6851# 

Evaporated  from  and  at  212°  =  7060  x  1.0620  = 
7498# 

Horsepower  Commercial  Rating  =  7498  +  34-l/2  = 
217.3  H.P. 

Calorific  value  per  pound  of  fuel  as  fired  = 
12,544  X  (1  -  .0511)  =  11,900  E.t.v. 

Calorific  value  per  pound  of  Combustible  = 
12,544  ♦  (1-.0862)  =13,727  B.t.v. 

Heat  generated  per  pound  dry  coal  =  (12,544) 
(1-.162  +.0862)   =1,0580  B.t.v. 

Heat  generated  per  pound  Co  mbustilDle  as  fired 
(13727)    (1-.162  +.0362)  =  12546  B.t.v. 
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Heat   a^bsorlaed  per  pound  dry  coal  =     (7498  x 
969.7)    4    959     =7580  E.t.v. 

Heat   absorbed  per  pound  Com'busti'ble   as  burn- 
ed   (7498  X   969.7)    ♦    875.5    =9042  B.t.v. 

Efficiency  of  Boiler  &  grate    =7580/l2544  = 
60.4;^. 

Efficiency  of  Boiler  =    9042/13727    =65.8^ 

Equivalent   evaporization  from  &  at    212  per 

pound  fuel  as   fired    =7498  ♦  1010.6=    7.42# 

Coft   of   evaporating  1000  pounds  of  water  from 
&  at    212     =210  X  1000/2000  x   7.42     =14.14/ 
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SAIJPLfi  CALCULATION 

RUH  NO.    1.  May  2,    1910, 

CALORIFIC   VAI/UE   OF    GOAL. 

Wt.  of  crucible   and  coal   -----   1.5742  gm. 

"  "             "             "      ash      -----   1.0731      " 

"  "             "          empty     ------   1.0083      " 

"  "  coal  biirned        -------      .5659      •' 
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7.21 

Radiation 

Correction 
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SAXPLE  CALCULATIONS 
RUN  MO.l  I./[AY  2,  1910. 

CALORIFIC  VALUE  OF  COAL. 

Actual  rise  in  temperature   7.21  -  2.39=  4.82. 

Radiation  correction  -  -  -   7.21  -  7.02^   .19. 

Correct  rise  ---------  -  .    5.01. 

W±.  of  coal  used  ------  .5659  gn, 


5.01  X  5.2  X  453.6 

5659  =  12,850  B.t.v. 


Calorimiter  constant  -   -   -   -  --   -   3.2 

Koisture  in  Coal  -------    5.11/9 

Percentage  ash.  --------   8.62 
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Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 
Report  of  Boiler  Test  made  At       (^/(/kn^iH^y^  K^'K^^.^t^iXlctlU     O^.      ^^.^J%<VVi}~t<r^'lri^- 


For 


hours. 


Duration  of  Trial, 
Kind  of  Boiler, 
Kind  of  Grate, 

Grate  Surface,  length^^  ft.,  width dS]^  ft.         sq.  ft. 
Water  Heating  Surface,  sq.  ft. 

Superheating  Surface,  sq.  ft. 

Area,  Chimney,  sq.  ft. 

Height,  Chimney,  ft. 

Ratio  Heating  to  Grate  Surface, 

Average  Pressures. 
Barometer,  ins.  mercury. 

Steam  Gauge,  lbs.  per  sq.  in. 

Absolute  Steam  Pressure,  lbs.  per  sq.  in. 

Draught  Gauge,  ins.  water. 

AVERAGE    TEMPERATURES. 
External  Air,  deg.  F. 

Boiler  Room,  deg.  F. 

Flue,  deg.  F. 

Furnace,  deg.  F. 

Feed  Water,  deg.  F. 

Steam,  deg.  F. 

FUEL. 
Total  Coal  Consumed, 
Moisture  in  Coal, 

Dry  Coal  Consumed, 

Total  Refuse,  Dry, 

Total  Refuse,  Dry,        -p^^  Coa/jBos,^ 

Total  Combustible,  llis 

Combustible,  TJt'y  Coal  TBosIS         percent 

FUEL    PER    HOUR. 

Coal  as  Fired  per  hour, 

Dry  Coal,  per  hour, 

Combustible,  per  hour. 

Dry  Coal,  per  sq.  foot  of  Grate, 

TOTAL  WATER. 

Quality  of  Steam, 

Total  Weight  Water  Used, 

Total  Evaporated  into  Dry  Steam, 

Factor  of  Evaporation, 

Total  from  and  at  '1V1°, 

WATER  PER  Hour. 

Amount  Used,  Apparently  Evapcrated 

Evaporated  into  Dry  Steam, 

L>  ,1  -:...•  '.  l:-iu  .11. a  .11  .\1\ 


lbs. 
lbs. 
lbs. 
lbs. 
er  cent. 


lbs. 
lbs. 
lbs. 
lbs. 

per  cent, 
lbs. 


lbs. 


lbs. 


lbs. 
lbs. 
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Evaporation. 

per  pound  of  fuel  as  fired 

Apparent,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER    POUND    DRY    COAL. 

Apparent,  'bs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER    POUND   OF   COMBUSTIBLE. 

Apparerft,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER  SQUARE  FOOT  HEATING  SURFACE  PER  HOUR. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

Horse  power. 

On  basis  34}^  lbs.  equiv.  evap.  per  hour,  H.  P. 

Builders  Rating,  H.  P. 
Ratio  of  Commercial  to  Builders  Rating, 

ANALYSIS  OF  Fuel. 

Fixed  Carbon,  per  cent. 

Volatile  Matter,  per  cent. 

Moisture,  per  cent. 

Ash,            -DryCoQl   BaS/5  percent. 

Combustible,     ^^         ^,            ^^  per  cent. 

Calorific  Value  per  lb.  of  Fuel  as  Fired,  B.  T.  U. 

B.  T.I/ 

Calorific  Value  per  lb.  of  dry  Fuel,  fSS  fgfg- 

Calorific  Value  per  lb.  of  Combustible,  B.  T.  U. 

Heat  Generated  per  hour  per  lb.  dry  coal,  B.  T.  U. 
Heat  Generated  per  liour  per  lb.  i)f  Cowbushble  as 

Fired,  B.  T.  U. 

Heat  Absorbed  per  hour  per  lb.  dry  coal,  B.  T.  U. 
Heat  .Absorbed  per  hcjur  per  lb.  of  CoinbustibU-  as 

Burned,  B.  T.  U. 

Efficiency  of  Boiler  and  Grate,  per  cent. 

Efficiency  of  Boiler,  per  cent. 

Cost  of     vaporating  Water. 
Cost  of  Coal,  Dollars  per  ton, 

Ci'St  of  Evap.  1,000  lbs.  of  Water  from  and  at  212°, 


7./S 
7-3-f 

7.3 
7  74 

S'.Z'S' 
7.99 
9.^7 

/97 

/43.3 
•  <573 


dr./ 
?/.3 

/  3,7^0 
7/^650 

7^,710 
7f740 

bl.7<5 

^.10 
^4 


Y/»  Q/  Fiyel 

°i1  r,/  nynffi    />  / 


'/  0/  Wet  /^ej^/sfi 

^//»  0/  Run 


a  A.  Young 


f}\i 


"If 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

Report  of  Boiler  Test  made  At  Clh/kWiyU^    xS^l^A^ltcotL      (^      ^j£.cJv^nMi<rptAy.,. 

''«'•               'MJMAJ _..yy^  ^  oate    '^^  ^  /7?  Af) 

Duration  of  Trial,  hours.  q^j  EVAPORATION.                                   , 

Kind  of  Boiler,  SXotlt/YUl  ^'^'^  pound  of  fuel  as  fired 

Kind  of  Grate,                 ^  ^c/('^  Apparent,  lbs.         ^g-g- 

GrateSurface,  length^^ft.,  width^^  ft.         sq.ft.  ^70  Actual,  lbs.        A    /,  g" 

Water  Heating  Surface,  sq.ft.  ^QQO  Kquivalcnt  from  and  at  212°,  '                                   lbs.        7/94 

Superheating  Surface,  sq.  ft.  yv^yiQ  ,                      per  pound  dry  coal. 

Area,  Chimney,  sq.ft.  J^.^g  Apparent,                                                                       lbs.        J,  2,^1 

Height,  Chimney,  ft.  ^  j^  Actual,                                                                            lbs.         J  04 

Ratio  Heating  to  Grate  Surface,  ^O'.l  Equivalent  from  and  at  212°,  lbs.        7^;?, 

AVERAGE  Pressures.  per  pound  of  combustible. 

Barometer,                                                    ins.  mercury.  ^Q,^  Apparent,  lbs.         foa 

Steam  Gauge,                                             lbs.  per  sq.  in.  ^^.Q^  Actual,                                                                            lbs.         'J.JQ 

Absolute  Steam  Pressure,                        lbs.  per  sq.  in.  Q().S^  Equivalent  from  and  at  212°,                                     lbs.        4-  /  P, 

Draught  Gauge,                                             ins.  water.  /"  per  square  foot  heating  surface  per  hour. 

average  temperatures.  Actual,  lbs.        ^  QQ 

External  Air,  deg.  F.  ^^  Equivalent  from  and  at  212°,                                     lbs.       ^    rj ^ 

Boiler  Room.  deg.  F.  ^^  HORSEPOWER. 

f'"^'  deg.  F.  i^J^.J  On  basis  34)^  lbs.  equiv.  evap.  per  hour,             H.  P.         JQ^S 

^'"'■""■'ce.  deg.  F.  Builders  Rating,                                                        H.  P.       ^  qq 

Feed  Water,  deg.  F.  /^  gC  /  Ratio  of  Commercial  to  Builders  Rating,                              'JQS 

^^^^'"'  deg.  F.  _2,3  3.5-  ANALYSIS   OF  FUEL. 

^^^'"  Fixed  Carbon,  per  cent. 

Total  Coal  Consumed,  lbs.  ^^Qn  Volatile  Matter,                                                   percent.     I 

Moisture  in  Coal,  lbs.  ^^  ^  ^  Moisture,                                                              per  cent.         ^  f 

Dry  Coal  Consumed,  lbs.  ^^^^_^  Ash,             ^  Cmi  (/Ua^                     percent.        g'^^ 

Total  Refuse,  Dry,  lbs.  r^g^f^q  Combustible,    ,.        /,            «f                          percent.        qj   3^ 

Total  Refuse,  Dry,     ^Q;^  (^  CJ^^..^^^, .  percent.  ^^^  Calorific  Value  per  lb.  of  Fuel  as  Fired,         B.  T.  L'.       liaQ^ 

Total  Combustible,  lbs.  ^qq^  j  Calorific  Value  per  lb.  of  dry  Fuel,                ^'^■.       j ^  S'^4 

Combustible,          ^U^C<nU  (^la^^  percent.  if /.^  Calorific  Value  per  lb.  of  Combustible,           B.  T.  U.       J-^ISO 

FUEL   PER  HOUR.  Heat  Generated  per  hour  per  lb.  dry  coal,      B.  T.  U.        1^  OOO 

Coal  as  Fired  per  hour,  lbs.  Heat  Generated  per  hour  per  lb.  of  Combustible  as 

Dry  Coal,  per  hour,  lbs.  „            _  Fired                                                             R  T  I'                    ^ 

Combustible,  per  hour,  lbs.  ^ifz.t  ^"^'^t  Absorbed  per  hour  per  lb.  dry  c.al,       B.  T.  U.          7^;^^ 

I  >ry  Coal,  per  sq.  foot  of  Grate,  lbs.  j ^^    j  ^  Heat  Absorbed  per  hour  per  lb.  of  Covibitstihk  as 

TOTAL  WATER.  Burned,  B.  T.  L .        ^^^Q 

'Quality  of  Steam,  percent.  97^  Efficiency  of  Boiler  and  Grate,                        percent.       jSQ  "ZS 

I'otal  Weight  Water  Used,  lbs.  ^^  g^  ^  Efficiency  of  Boiler,                                           per.x-nt.       Z ;?    o 

Total  Evaporated  into  Dry  Steam,  lbs.  ^^  ^1^  COST  OF      vaporating  WATER. 

Factor  of  Evaporation,  J  O^'^  Cost  of  Coal,  Dollars  per  ton,  2./0 

Total  from  and  at  212°,  lbs.  ^7^73  Cost  of  Kvap.  l,0(Kllbs.  nf  Water  from  and  at  212°,            I  ij  q  4 

Water  per  Hour.  c\    ,  ./  i-     „  /  '' 

Amount  Used,  Apparently  Evaporated,  lbs.  ^^^^  Ju^    ^  ^^  ^  /^/^  >^            ^^^1 

Evaporated  into  Dry  Steam,  lbs.  /^Cf'^  I                 i                             '         (/ 

Evaporated  from  and  at  212°,  lbs.  /   ^^3  /, 


f^} 


T£^T^m.3 


AJ0///3  /O  A /I 


li^gat^gai 


-"20  ^s2J' .       0      a>JJ/    /65 


6.\!^  /07 
_3LQja ai2„ 

9.50  //O 
lOJlO ZS^ 

11.00    as 

//.'5Z7    Jd/P^^ 
/a:/PO  .  Z^^' 
1^.30  .±07^^ 

r^o Z2_ 

p.  00     /d2. 
Total 


7H.^jaAos_/^a±J^M<2^ 

_  pf^B5-  SA-S5    /  68     650 

_^p>jo  DAM    /fi.9    ess 

lQ7JL.iaaS  \  Ld^^JQiL 
MMA2^7_j^_Li$^JiQn. 
^S4AlL^/JiatL?0^^y^0_ 
JOtO    J<9^5  ;  742.      eoo 

i5d^s^Jo^7L  /es\MQ^ 

4700  2:^60  76&  S^O 
40SS  2P>D4  7S2  600 
3dS.O    2Q0?>     765      das 

_  270i^^'7yO  I  


^^e.    I  d43   I 


255  \e.6Ud' 

237   j        I 

226   ! 

233   I 

^^_2je_XdA3A. 

255    i 


23J    ;  i 

L22jLaS\e6^ 

\  S78 I 

__£12_^ 

_   ^J^  ■ 


__LL^^,i- 1  s^a/ 


Z?/-c/^'     Inches  Water 


Weiyht  oj  Wet  Hejuse 
Lenqh    o/ /fu/7 


AA  Bvers 


DA  Youna 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

Report  of  Boiler  Test  made  At  CU/yrWin  Oy)lMU(^  0^  ^MlmUiWYy   

For, ^Iim rJC    ,  Date   Mm.J,/fy^(/l^) 


M.  J 


Duration  of  Trial,  hours. 

Kind  of  Boiler, 

Kind  of  Grnte, 

Grate  Surface,  length  ft.,  width  ft. 

Water  Heating  Surface, 

Superheating  Surface, 

Area,  Chimney, 

Height,  Chimney, 

Ratio  Heating  to  Grate  Surface, 

AVERAGE   PRESSURES. 
Barometer,  ins.  mercury. 

Steam  Gauge,  lbs.  per  sq.  in. 

Absolute  Steam  Pressure,  lbs.  per  sq.  in. 

Draught  Gauge.  ins.  water. 

AVERAGE   TEMPERATURES. 


7.03 


External  Air, 
Boiler  Room, 
Flue, 
Furnace, 
Feed  Water, 

Steam,    Cdlorimetey 

Fuel. 

Total  Coal  Consumed, 
Moisture  in  Coal,' 
Dry  Coal  Consumed, 
Total  Refuse,  Dry, 
Total  Refuse,  Dry, 
Total  Combustible, 
Combustible, 

FUEL    PER^OUR. 
Coal  as  Fired  per  hour. 
Dry  Coal,  per  hour. 
Combustible,  per  hour. 
Dry  Coal,  per  sq.  foot  of  Grate, 

TOTAL  Water. 
Quality  of  Steam, 
Total  Weight  Water  Used, 
Total  Evaporated  into  Dry  Steam, 
Factor  of  Evaporation, 
Total  from  and  at  iVl°, 

Water  per  Hour. 
Amount  Used,  Apparently  Evaporated, 
Evaporated  into  Dry  Steam, 
Evaporated  from  and  at  212°, 


deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 

lbs. 
lbs. 
lbs. 
lbs. 
cent, 
lbs. 
per  cent. 


lbs. 
lbs. 
lbs. 
lbs. 

per  cent, 
lbs. 


lbs. 
lbs. 
lbs. 


n?3 

0/ 
J'// 

23^.0 

7/OtS 
363. 

/e.a 
9/1 

10/0.6 

93-9. 

77.2. 
9S.? 

77)^B0 

^3,0/7 

77)67) 

m7 


lbs. 

11)S. 

lbs. 

lbs. 
lbs. 
lbs. 

lbs. 
lbs. 


EVAPORATION. 

PER   POUND   OF   FUEL   AS    FIRED 

Apparent, 

Actual, 

Eq\iivalent  from  and  at  212°, 

PER    POUND    DRY    COAL. 

.Apparent, 

Actual, 

Equivalent  from  and  at  212°, 

PER   POUND   OF   COMBUSTIBLE. 

Apparent, 

Actual, 

Equivalent  from  and  at  212°,  lbs. 

PER  SQUARE  FOOT  HEATING   SURFACE  PER  HOUR. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

HORSE   POWER. 
On  basis  34 >^  lbs.  equiv.  evap.  per  hour. 
Builders  Rating, 
Ratio  of  Commercial  to  Builders  Rating, 

ANALYSIS    OF   FUEL. 
Fixed  Carbon, 
Volatile  Matter, 
Moisture, 
Ash, 

Combustible, 

Calorific  Value  per  lb.  of  Fuel  as  Fired 
Calorific  Value  per  lb.  of  dry  Fuel, 
Calorific  Value  per  lb.  of  Combustible, 
Heat  Generated  per  hour  per  lb.  dry  coal,      B.  T.  U. 
Heat  Generated  per  hour  per  lb.  of  Combustible  as 

Fired,  B.  T.  U. 

Heat  Absorbed  per  hour  per  lb.  dry  coal,       B.  T.  C. 
Heat  Absorbed  per  hour  per  lb.  of  Combustible  as 

Burned,  B.  T.  U. 

Efficiency  of  Boiler  and  Grate,  per  cent. 

Efficiency  of  Boiler,  per  cent 

COST   OF       VAPORATING    WATER. 
Cost  of  Coal,  Dollars  per  ton. 
Cost  of  Evap.  l.OfH)  lbs.  of  Water  from  and  at  212°, 


d^^cacu,  iicuiAA 


H.  p. 
H.  p. 


per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

B.  T.  U. 
B .  T.  g. 

B.  T.  U. 


e.7f 

7.4^ 

7.36" 
7M 
7^2. 

t07 

7.H 

t6b 

2.22. 
6.00 

277.3 
20(10 


s// 

U2 
91.5^ 
7 7,900 

13,727 
705^0 

72646. 
76W 

904^ 

6a4- 

63.8 


f\ 


c? 


W/V/V/A/G   LOG 


T£3T   NO 


'  JO      ,9.r       43^6^  I  4235    /.'iS    JSl_ 
'■00       .9.^        4 OSS    44 SS  I  /  63     J80 


Tn/n.) 


/)l/.      i 


i&ffO  I  67/ J 

4^GD  sse? 

46<^S    6/04 
;  47a£    f385 
\   403.6    eS87 
\  /.'i0o\^6SG 
U.7,T,9.4-|  c^/47 


J  58      660 
/6?     670 

_17/^ 

/6a     S20 

lAZ 

/7e     626 

J60__6£0__ 

/6B      620 

/SB      b/0 


339  e.6 . 

221 

296- 


Depih  of  Fue/ 
Shepd  n/  Crrate.  / 


Ora/t  -///c/jes  Waier 

Wej_Q/7t  o/WeiHefu3e^ 

Length  0/  flur) 


A  A  Byeys 
OAYou/J' 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 


Q/i/mM  &/yyiMi^  oj/  &juA/Yw&mi/ 


For €^lim. 

i>./7 

.             -        Date  cm/h 

>y  ^5,/7/(i>/f°/^J 

Duration  of  Trial, 

hours. 

^      .-.- / 

evaporation. 

\ 

Kind  of  Boiler, 

'Mi/iA^ 

PER   POUND   OF    FUEL   A.S    FIRED                             ' 

Kind  of  Grate, 

L 

^f7:M>w 

Apparent, 

lbs. 

9.00 

Grate  Surface,  length          ft.,  width          ft. 

sq,  ft. 

60  ^ 

Actual, 

lbs. 

M^ 

Water  Heating  Surface, 

sq.  ft. 

<£d06 

Equivalent  from  and  at  212°, 

lbs. 

Z44 

Superheating  Surface, 

sq.  ft. 

(/0^ 

PER    POUND    DRY    COAL. 

Area,  Chimney, 

sq.  ft. 

sr.ir 

Apparent, 

lbs. 

7jr 

Height,  Chimney, 

ft. 

/76' 

Actual, 

lbs. 

7.S0 

Ratiu  Heating  to  Grate  Surface, 

^0/ 

E(iuivalent  from  and  at  212°, 

lbs. 

7.i'6' 

AVERAGE   PRESSURES. 

PER    POUND   OF    COMBUSTIBLE 

I>aronieter,                                                    ins 

mercury. 

P9.5-' 

Apparent, 

lbs. 

10& 

Steam  Gauge,                                             lbs. 

)er  sq.  in. 

?d^ 

Actual, 

lbs. 

7.r/ 

Absolute  Steam  Pressure,                        lbs. 

per  sq.  in. 

///^ 

Equivalent  from  and  at  212°, 

lbs. 

^6(o 

Draught  Gauge, 

ns.  water. 

//" 

PER  SQUARE  FOOT  HEATING   SURFACE  PER  HOUR. 

AVERAGE   TEMPERATURES. 

Actual, 

lbs. 

2.^3 

iNternal  Air, 

deg.  F. 

66 

Equivalent  from  and  at  212°, 

lbs. 

^.57 

!'   iler  Room, 

deg.  F. 

7B 

Horse  power. 

Flue, 

deg.  F. 

4>0i7 

On  basis  34K  'bs.  equiv.  evap.  per  hour. 

H.  P. 

/U,S 

Furnace, 

deg.  F. 

Builders  Rating, 

H.  P. 

2dO 

Feed  Water, 

deg.  F. 

/&7 

Ratio  of  Commercial  to  Builders  Rating, 

7^.7 

^^"'""^'     Ca)ori  meter 

deg.  F. 

p^r 

ANALYSIS    OF   FUEL. 

FUEL. 

Fixed  Carbon, 

per  cent. 

Total  Coal  Consumed, 

lbs. 

6'5^?.S 

Volatile  iVIatter, 

per  cent. 

Moisture  in  Coal, 

lbs. 

S9^3 

Moisture,                jud xmi  LoJWi 

per  cent. 

s// 

Dry  Coal  Consumed, 

lbs. 

SO  ^7.2^ 

'^^'''                cU^offdLm 

per  cent. 

UE 

Total  Refuse,  Dry, 

lbs. 

^37./ 

Combustible,          ^jL/jCodl/Om 

per  cent. 

9/.3y 

Total  Refuse,  Dry,        ^  ^^^^ 
Tutal  Combustible,             / 

per  cent. 

/d.5 

Calorific  Value  per  ll/^nf  Fuel  as  Fired, 

B.  T.  U. 
B.  T*.  U". 

//,  700 

lbs. 

ihZH 

Calorific  Value  per  lb.  of  dry  Fuel, 

Ill''  '■■'  "' 

/^v^y^ 

Combustible,                   (pU  kj^ 

per  cent. 

ni 

Calorific  Value  per  lb.  of  Combustible, 

B.  T.  U. 

/37S7 

FUEL    pyf  HOUR. 

Heat  Generated  per  hour  per  If),  dry  coal. 

B.  T.  V. 

J/65^ 

Coal  as  Fired  per  hour. 

lbs. 

^66.Z 

Heat  Generated  per  hour  per  lb.  of  Combu 

stible  as 

[>ry  Coal,  per  hour. 

lbs. 

72I.S- 

Fired, 

B.  T.  U. 

/2i>i2i 

Combustible,  per  hour. 

lbs. 

?60.h 

Heat  Absorbed  per  hour  per  lb.  dry  coal. 

B.  T.  U. 

7677 

1  Ivy  Coal,  per  sq.  foot  of  Grate, 

lbs. 

/M 

Heat  Absorbed  per  hour  per  lb.  of  Combustible  as 

TOTAL  Water. 

Burned, 

B.  T.  U. 

m? 

•  Tiiality  of  Steam, 

per  cent. 

97,d- 

Efficiency  of  Boiler  and  Grate, 

per  cent. 

60.6 

lutal  Weight  Water  Used, 

lbs. 

JZjr^ 

Efficiency  of  Boiler, 

per  cent. 

66.5 

T. 'tal  Evaporated  into  Dry  Steam, 

lbs. 

36,  46^ 

COST   OF       VAPORATING   WATER. 

Z./O 

Factor  of  Evaporation, 

/,0^/7 
3U5^ 

Cost  of  Coal,  Dollars  per  Ion, 

1  ntal  from  and  at  212", 

lbs. 

Cost  of  Evap.  1,000  lbs.  of  Water  from  ant 

at  212°, 

i^.iii 

Water  per  Hour. 

<^!ftL  nfinJL 

"ti" 

.Amount  Used,  Apparently  Evaporated, 

lbs. 

S060 

s^hUJlA   lA   ^\.aJx.  uu^  ^/M/L 

nAKA^^  ■ 

6-3 SL 

Evaporated  into  Dry  Steam, 

lbs. 

6?or 

0                                          r       V 

Evaporated  from  and  at  212°, 

lbs. 

^fjf 

(i- 


1 


/?<y/l//I//^ 


I  I  I T^ivhercdure 

Jt/ne  Press  Fue/  '/fete/  Fee(^\/'/oe   Ca/      Q  LOz 

7:^0  \   3d       0     \d^66   /ee     '^l^ 2^3- 

\00       97    ^  655.i\36-MY^M. 6£iL 2 JT , 

_a jaL^S  ^  s5S/?5  : QQSP 1  /73     es&     ^^3  ^^Il_ 

^:30_[    3^6      \  Ve.D   .0^53,  /68  \d&5    ^^3 \ 

MOO      35     ^26.0   0oS3     J 62  ^80   \  <?J^ 

/OJO      as      "J^D  \J?3sid-     /85     636      S3S 

//OO      36    \  ^a4AM^3\  /&7  \^SA  ,  2SS  \dO__£0_ 

/J- 50  .    So  A  d66iS\/27S  \  /i^J^^BuX^^QQ  . 

JSiOO  _Q0  . ; J^il /^QSL /h\^BCl\  ^^  . 

/2::50      37     .  42B.o\/737   \  /40^  ( 680   \  ^^3_ 

/  00      97      i  i?/S  11337  ;  /i6    .627    \s^2  j     

/yj  i    33     \dd7.6  \2/&0  .  /S6    [  60S    \  ^33    3.5^^^ 


S3920\S80^, 


Ai^^     \   d/.4    \  I  I  /S 

Depth  0/  B^ 

Speed  _QJ  Grate    ^/^r  _ 
Ora/t  Jnches  Mite/ 
Wej^ht  oj  Wei  fiej_u~se  ^^ 
Lenji/}  oJ^Sun    


/6a6\Sd2A   23i  \e.5\6.2 
7^" 


Z7/?.M..v 


oaa  c5 


Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 


Report  of  Boiler  Test  made  At         (MvYrviyiLKj  c^ha^xXttAAJLu   ^     '^<-cArru>t&CLM _.. 

For. 3LuA-^ _ /\/-^.K  Date     ^^hcUA  -5^  /f/O 


-JVo<5 


Duration  of  Trial,  hours. 

Kind  of  Boiler, 
Kind  of  Grate, 

Grate  Surface,  length  ^/^ft.,  width^^  ft.         scj.  ft. 
Water  Heating  Surface,  sq.  ft. 

Superheating  Surface,  sq.  ft. 

.Area,  Chimney,  sq.  ft. 

Height,  Chimney,  ft. 

Ratio  Heating  to  Grate  Surface, 

Average  Pressures. 
I'aromoter,  ins.  mercury. 

Steam  Gauge,  lbs.  per  sq.  in. 

.Vbsolute  Steam  Pressure,  Ihs.  per  sq.  in. 

I'raught  Gauge.  ins.  water. 

AVERAGE    TEMPERATURES. 


E.xternal  Air, 
I'loiler  Room, 
Flue, 
Furnace, 
Feed  Water, 
Steam, 

Total  Coal  Consumed, 
Moisture  in  Coal, 
Dry  Coal  Consumed, 
Total  Refuse,  Dry, 


deg.  F. 
dcg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 

lbs. 
lbs. 

lbs. 
lbs. 


Total  Refuse,  Dry,     JJry  Cool  Basis     P^^  *^^"' 
Total  Combustible,  a%  nrsd.- 
Combustible,  TDry  Coal  Eo^iS 

FUEL    PER    HOUR. 
Coal  as  Fired  per  hour. 
Dry  Coal,  per  hour. 
Combustible,  per  hour, 
Dry  Coal,  per  sq.  foot  of  Grate, 

Total  Water. 
Quality  of  Steam, 
Total  Weight  Water  Used, 
Total  Evaporated  into  Dry  Steam, 
Factor  of  Evaporatiim, 
Total  from  and  at  21-°, 

WATER    PER    HOUR. 
.Amount  Used,  Apparently  Evaporated, 
Evaporated  into  Dry  Steam, 
Evaporated  from  and  at  212°, 


lbs. 
per  cent. 

11)S. 

lbs. 
lbs. 
lbs. 

per  cent, 
lbs. 
lbs. 

'lbs. 


6.^1 

^OOO 
yvoyuu 

j" 


qoq<5 

8b7 
666./ 

qj-^ 

33354 
/.ofySf 

3bsnq 


Evaporation. 

per  pound  of  fuel  as  fired 

Ajiparcut,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER    POUND    DRY    COAL. 

.■\l)parent,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER    POUND   OF   CO.MBUSTIBLE. 

Apparent,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 


PER  SQUARE  FOOT  HEATING   SURFACE  PER  HOUR. 

lbs. 
lbs. 


lbs. 

SSZO 

Ihs. 

S3CS 

;!,-. 

^2rs'3 

Actual, 

Equivalent  from  and  at  212°, 

Horse  power. 
On  basis  34K  lbs.  equiv.  evap.  per  hour. 
Builders  Rating, 
Ratio  of  Commercial  to  Builders  Rating, 

ANALYSIS    OF   FUEL. 
Fixed  Carbon, 
Volatile  Matter, 

Moisture,  Z>>^y  Coo/  Bo5/5 

Ash, 

Combustible,      ^^ 

Calorific  Value  per  lb.  of  Fuel  as  Fired, 

Calorific  Value  per  lb.  of  dry  Fuel, 

Calorific  Value  per  lb.  of  Combustible, 

Heat  Generated  per  hour  per  lb.  dry  coal,      B.  T.  U 

Heat  Generated  per  hour  per  lb.  of  Conibmtible  as 

Fired.  B.  T.  l' 

Heat  Absorbed  per  hour  per  lb.  dry  coal,       H.  T.  U 
Heat  -Absorbed  per  hour  per  lb.  of  Combustible  as 

Burned,  B.  T.  U 

Efficiency  of  Boiler  and  Grate,  per  cent 

Efficiency  of  Boiler,  per  cent 

Cost  of     vaporating  water. 
Cost  of  Coal,  Dollars  per  ton. 
Cost  of  Evap.  1,000  lbs.  of  Water  from  and  at  212°, 


H.  P. 
H.  P. 


per  cent, 
per  cent, 
per  cent, 
per  cent, 
per  cent. 
B.  T.  V'. 

B.  T.  U. 
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Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE   OF   TECHNOLOGY 
Report  of  Boiler  Test  made  At CmnOVl  OhT'iMi^ i^ (Sl£m^m^ 

For. (Zim ~c/af  ^"'^  ^T 

Duration  of  Trial,                                              hours.  0  Evaporation. 

Kind  of  Boiler,  SoUl&yiQ  ''^•^  pound  of  fuel  as  fired 

Kind  of  Grate,  o/^u'i^WtVHf  Apparent, 

Grate  Surface,  length  ^^  ft.,  width  ,^^  ft.         sq.ft.  ^^      ^  Actual, 

Water  Heating  Surface,                                          sq.  ft.  2/jOO  Etiuivalent  from  and  at  212°, 

Superheating  Surface,                                           sq.  ft.  Qf^ylf  per  pound  dry  coal. 

Area,  Chimney,                                                         sq.  ft.  vj^-^/^  .\liparent, 

Height,  Chimney,                                                            ft.  / ^^--  Actual, 

Ratio  Heating  to  Grate  Surface,  '^O.' /  Kquivalcnt  from  and  at  212°, 

AVERAGE  Pressures.  per  pound  of  co.mbu-stible. 

Barometer,                                                    ins.  mercury.  OO  L~  Apparent,                                                                       Ihs. 

Steam  Gauge,                                             lbs.  per  sq.  in.  ^S.ff  Actual,                                                                            U>?. 

Absolute  Steam  Pressure,                        lbs.  per  sq.  in.  /fi^,ff  Equivalent  from  and  at  212°,                                     lbs. 

Draught  Gauge,                                             ins.  water.  W  per  square  foot  heating  .surf.\ce  per  hour. 

AVERAGE  TEMPERATURES.  Actual,  lbs. 

External  Air,                                                          deg.  F.  z^             ij  Equivalent  from  and  at  212°,                                     lbs. 

Boiler  Room,                                                          deg.  F.  ^^  HORSE  POWER. 

Fhie,                                                                         deg.  F.  0(JQ  On  basis  34j^  lbs.  equiv.  evap.  per  liour,             H.  P. 

Furnace,                                                                   deg.  F.  Builders  Rating,  H.  P. 

Feed  Water,                                                           deg.  F.  / fff,^  Ratio  of  Commercial  to  Builders  Rating, 

Steam.          Ca)0//mete)'                       '^^S-  ^-  ^^6-  analysis   of  fuel. 

FUEL.  Fi.xed  Carbon,  percent. 

Total  Coal  Consumed,                                                 lbs.  ^Q^'f.S  Volatile  Matter,                                                   percent. 

Moisture  in  Coal,                        ijV^                      '^^'  S.^7J  Moisture,                                                              percent. 

Dry  Coal  Consumed,                                                    lbs.  A/y9?,A  Ash,                      Z?/^/ /SdyS / S                P^"^  *'^"^' 

Total  Refuse,  Dry,                                                       lbs.  ^^O  Combustible,      /J^J//3a,6/S                  percent. 

Total  Refuse,  Dry,      //^/)/c///yi°/4p}^^'^'^^^^^  /^/  Calorific  Value  per  lb.  of  Fuel  as  Fired,         B.  T.  U. 

Total  Combustible,                                                       I's-  4/?9^P)  Calorific  Value  per  lb.  of  dry  Fuel,                ^fB  seM. 

Combustible,        JDry  Coal   BaS/5        percent.  PyP)  QP.  Calorific  Value  per  lb.  of  Combustible,           B.  T.  U. 

FUEL  PER   HOUR.  Heat  Generated  per  hour  per  lb.  dry  Coal,      B.  T.  U. 

Coal  as  Fired  per  hour,                                               lbs.  Q0Z4  Heat  Generated  per  hour  per  lb.  of  CoiiibustibU  as 

Dry  Coal,  per  hour,                                                      lbs.  VA^  P  Fired,                                                             B.  T.  U. 

Combustible,  per  hour,                                                lbs.  £P)I  P)  Heat  Absorbed  per  hour  per  lb.  dry  coal,       B.  T.  C. 

Dry  Coal,  per  sq.  foot  of  Grate,        fAO'               lbs.  /5' T  Heat  Absorbed  per  hour  jier  lb.  of  Combustible  as 

TOTAL  Water.  Burned,  B-  T.  U. 

Quality  of  Steam,                                               per  cent.  ^/^'  Efficiency  of  Boiler  and  Grate,                       y^f  cent. 

Total  Weight  Water  Used,                                        lbs.  ^^^S/?  Efficiency  of  Boiler,                                           per  t  tnt. 

Total  Evaporated  into  Dry  Steam,                           lbs.  ^J^  ^ j/  COST  OF      VAPORATING  WATER. 

Factor  of  Evaporation,  / ff69£>  Cost  of  Coal,  Dollars  per  ton. 

Total  from  and  at  212®,                                               lbs.  /J^^J/  Cost  of  Evap.  l,fX)0  lbs.  of  Water  from  and  at  212°, 

WATER    PER    HOUR.  <fy  UfUL    tf    '^^lAA. 

Amount  Used,  Apparently  Evaporated,                  lbs.  ^'J/^  x^fJJuL    tn  MttxJju  ^   ^/*^    (K<HaXj 

Evaporated  into  Dry  Steam,                                      lbs.  ^^J^S^ 

Evaporated  from  and  at  212°,                                     '-  k533^-5 
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Mechanical  Engineering   Laboratory 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

Report  of  Boiler  Test  made  At LmTUM.  d/mtc^iiif  cd  Ujm/yim<7Qy 

For. UMm/h 


Duration  of  Trial, 
Kind  of  IBoiler, 
')     Kind  of  Grate, 

Grate  Surface,  lengtli  ft.,  widtli 

Water  Heating  Surface, 

Superheating  Surface, 

Area,  Chimney, 

Heiglit,  Cliimney, 

Ratio  Heating  to  Grate  Surface, 

AVERAGE  Pressures. 
Barometer,  ins.  mercury. 

Steam  Gauge,  lbs.  per  sq.  in. 

Absolute  Steam  Pressure,  lbs.  per  sq.  in. 

Draught  Gauge,  ins.  water. 

AVERAGE  TEMPERATURES. 
External  .Air,  deg.  F. 

Boiler  Room,  deg.  F. 

Flue,  deg.  F. 

Furnace,  deg.  F. 


/9#<:%///.^/^ 


deg.  F. 
deg.  F. 


Feed  Water, 

Steam.        Ca}orj)??ei  6/ 

FUEL. 

Total  Coal  Consumed,  lbs. 

Moisture  in  Coal,                    S^^7^  ^^^' 

Dry  Coal  Consumed,  lbs. 
Total  Refuse,  Dry.       (/tf^^iu/e ^^.//j        "^'■ 

Total  Refuse,  Dry,     (OnBdSIs)  P^"  """■ 

Total  Combustible,  "  = 

Combustible,  /jj-yGa^lS 

FUEL    PER    HOUR. 

Coal  as  Fired  per  hour. 

Dry  Coal,  per  hour. 

Combustible,  per  hour. 

Dry  Coal,  per  sq.  foot  of  Grate, 

TOTAL  Water. 
Quality  of  Steam, 
Total  Weight  Water  Used, 
Total  Evaporated  into  Dry  Si  earn, 
I'actor  of  Evaporation, 
Total  from  and  at  212°, 

Water  per  hour. 
.Amount  Used.  Apparently  Evaporated, 
Evaporated  into  Dry  Steam, 
Evaporated  from  and  at  '212°, 


11  )S. 

per  cent. 

lbs. 
lbs. 
lbs. 
lbs. 

per  cent, 
lbs. 


lbs. 
lbs. 


29.S' 
97,e 
///,s> 
//' 

Sd' 
yj-97 

9/.7 

m/ 

77t- 

/6.9 

?7^ 

^i>247 

620^ 

Cnh07 


Date 

Evaporation. 

per  pound  of  fuel  as  fired 

Ajiparent,  lbs. 

Actual,  lbs. 

Eiiuivalent  from  and  at  212°,  lbs. 

PER    POUND   DRY    COAL. 

.Apparent,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER   POUND   OF    COMBUSTIBLE. 

Apparent,  lbs. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

PER  SQUARE  FOOT  HEATING   SURFACE  PER  HOUR. 

Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

Horse  power. 

On  basis  34>^  lbs.  equi\-.  evap.  per  liour,  H.  P. 

Builders  Rating,  H.  P. 
Ratio  of  Commercial  to  Builders  Rating, 

ANALYSIS    OF   FUEL. 

Fixed  Carbon,  per  cent. 

Volatile  Matter,  per  cent. 

Moisture,  per  cent. 

Ash,                jTi^r^  j3a  sjS  ?'='•  cent. 

Combustible,        /O /l^ /^QjJ '  S  percent. 

Calorific  Value  per  lb.  of  Fuel  as  Fired,  B.  T.  U. 

Calorific  \'alue  per  lb.  of  dry  Fuel,  pH-^st. 

Calorific  Value  per  lb.  of  Combustible,  B.  T.  I". 

Heat  Generated  per  hour  per  lb.  dry  coal,  B.  T.  U. 
Heat  Generated  per  hour  per  lb.  of  Combuitthle  as 

Fired,  B.  T.  U. 

Heat  Absorbed  per  hour  per  lb.  dry  coal,  B.  T.  I'. 
Heat  Absorbed  per  hour  per  lb.  of  Combustible  as 

Burned,  B.  T.'U. 

Efficiency  of  Boiler  and  Grate,  per  cent. 

Efficiency  of  Boiler,  per  cent. 

COST  OF     vaporating  Water. 
Cost  of  Coal,  Dollars  per  ton. 

Cost  of  Evap.  l,n(Kl  lbs.  of  Water  from  and  at  212°, 
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Mechanical  Engineeriinjg   Laboratory 

ARMOUR    INSTITUTE   OF   TECHNOLOGY 

Report  of  Boiler  Test  made  At  Q/l/yMlfl  CJ/yiMu^  (d  ^M^mmOy 

For <^AU4/1 /'  Date  ( 


Duration  of  Trial, 

Kind  of  Boiler, 

Kind  of  Grate, 

Grate  Surface,  length         ft.,  width 

Water  Heating  Surface, 

Superheating  Surface, 

Area,  Chimney, 

Height,  Chimney, 

Ratio  Heating  to  Grate  Surface, 

AVERAGE  Pressures. 
Barometer,  ins.  mercury. 

Steam  Gauge,  lbs.  per  sq.  in. 

Absolute  Steam  Pressure,  lbs.  per  sq.  in. 

Draught  Gauge,  ins.  water. 

AVERAGE   TEMPERATURES. 


^,  /^  /F//f.... 


External  Air, 
Boiler  Room, 
Flue, 
Furnace, 
Feed  Water, 

'^^""'    C  ah  r/ meter 

Fuel. 

Total  Coal  Consumed, 

Moisture  in  Coal, 

Dry  Coal  Consumed, 

Total  Refuse,  Dry, 

Total  Refuse,  Dry, 

Total  Combustible,  _         „ 

nr/ Basis 

Combustible, 

FUEL  per'  Hour. 
Coal  as  Fired  per  hour. 
Dry  Coal,  per  hour. 
Combustible,  per  hour. 
Dry  Coal,  per  sq.  foot  of  Grate, 

TOTAL  Water. 
Quality  of  Steam, 
Total  Weight  Water  Used, 
Total  Evaporated  into  Dry  Sleain, 
Factor  of  Evaporation, 
Total  from  and  at  2r2°, 

Water  per  hour. 
.Amount  Used,  Apparently  Evaporated, 
Evaporated  into  Dry  Steam, 
Evaporated  from  and  at  212°, 


deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 
deg.  F. 

lbs. 

lbs. 

lbs. 

lbs. 
per  cent. 

lbs. 
per  cent. 

lbs. 
lbs. 
lbs. 
lbs. 

per  cent, 
lbs. 


lbs. 

lbs. 


6& 

S'/9? 

6769 
9JD 

4/^60 
/.07/9 

69^0 


Evaporation. 

per  pound  ov  fuel  as  fired 
Apparent, 
Actual, 
Equivalent  from  and  at  212°, 

PER    POUND   DRY    COAL. 

Ajiparent, 

Actual, 

Equivalent  from  and  at  212°, 

PER    POUND   OF   COMBUSTIBLE. 

Apparent, 

Actual, 

Equivalent  from  and  at  212°, 


lbs. 
lbs. 


PER  SQUARE  FOOT  HEATING   SURFACE  PER  HOUR. 
Actual,  lbs. 

Equivalent  from  and  at  212°,  lbs. 

HORSE   POWER. 
On  basis  34 >^  lbs.  equiv.  evap.  per  liour. 
Builders  Rating, 
Ratio  of  Commercial  to  Builders  Rating, 

Analysis  of  Fuel. 
Fixed  Carbon, 
Volatile  Matter, 
Moisture, 
Ash, 

Combustible, 
Calorific  Value  per 
Calcjrific  \'alue  per  lb.  of  dry  Fuel, 
Calorific  Value  per  lb.  of  Combustible 
Heat  Generated  per  hour  per  lb.  dry  coal,      B.  T.  U 
Heat  Generated  per  hour  per  lb.  of  Cojiibmtible  as 

Fired,  B.  T.  U 

Heat  Absorbed  per  hour  per  lb.  dry  coal,       B.  T.  I' 
Heat  Absorbed  per  hour  per  lb.  of  Combuslible  as 

Burned,  B.  T.  U 

Efficiency  of  Boiler  and  Grate,  ye.x  cent 

Efficiency  of  Boiler,  per  rent 

COST  OF     vaporating  Water. 
Cost  of  Coal,  Dollars  per  ton. 
Cost  of  Evap.  1,0(W  lbs.  of  Water  from  and  at  212°, 


Dry  Basis 

er  lb.  Ill  Fuel  as  f  ired. 


H.  P. 
H.  P. 


per  cent, 
per  cent, 
per  cent, 
per  cent. 
per  cent. 

B.  T.  U. 
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B.  T.  V. 
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